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Abstract

Background: Frailty is a condition of increasing importance, given the aging adult population. With an anticipated
shortage of geriatricians, primary care physicians will increasingly need to manage care for frail adults with complex
functional risks and social-economic circumstances.

Methods: We used cross-sectional data from 4551 adults ages 65-90 who responded to the 2014/2015 cycle of the
Kaiser Permanente Northern California Member Health Survey (MHS), a self-administered survey that covers multiple
health and social characteristics, to create a deficits accumulation model frailty index, classify respondents as frail or
non-frail, and then compare prevalence of functional health issues including Activities of Daily Living (ADL)/Instrumental
Activities of Daily Living (IADL) and social determinants of health (SDOHs) by frailty status.

Results: The overall prevalence of frailty was 14.3%, higher for women than men, increased with age, and more common
among those with low levels of education and income. Frail older adults were more likely than non-frail to have = 3
chronic diseases (55.9% vs. 10.1%), obesity (32.7% vs. 22.8%), insomnia (36.4% vs. 88%), oral health problems (25.1% vs. 4.7%),
balance or walking problems (54.2% vs. 49%), 2 1 fall (56.1% vs. 19.7%), to use 2 1 medication known to increase fall risk
(56.7% vs. 26.0%), and to need help with 22 ADLs (15.8% vs. 0.8%) and 2 2 IADLs (384% vs. 0.8%). They were more likely to
feel financial strain (26.9% vs. 12.6%) and to use less medication than prescribed (7.4% vs. 36%), less medical care than
needed (8.3% vs 3.7%), and eat less produce (9.5% vs. 3.2%) due to cost. Nearly 20% of frail adults were unpaid caregivers
for an adult with frailty, serious illness or disability.

Conclusions: This study examined the prevalence of frailty and identified modifiable and non-modifiable risk
factors of health. The frail older adult population is heterogeneous and requires a patient-centered assessment of
their circumstances by healthcare providers and caregivers to improve their quality of life, avoid adverse health
events, and slow physical and mental decline. The characteristics identified in this study can be proactively used
for the assessment of patient health, quality of life, and frailty prevention.
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Background

Adults aged 65 and older are expected to comprise 21.7%
of the U.S. population in 2040, up from 14.5% in 2014 [1].
With the exponential growth of the aging population,
frailty has become a syndrome of increasing public health
concern due to the projected impact on utilization of
healthcare resources and age-related services [2]. Frailty in
older adults is a clinical syndrome described as a loss of
“physiologic reserve” from an accumulation of physical,
environmental and psychosocial factors [3-5]. These fac-
tors are often referred to as deficits that increase vulner-
ability to undesirable health outcomes [6].

There is currently no clear consensus on how to define
and assess frailty. Some studies have defined frailty by
using phenotypic characteristics such as weakness, unin-
tentional weight loss, slow walk speed, exhaustion, and
low physical activity [4], whereas other studies have
identified a series of health-related deficits to calculate a
Frailty Index (FI) and determine degree of frailty [7, 8].
To qualify as a deficit, the prevalence of the deficit must
increase but not become universal with age and must in-
clude more than one organ system [8, 9]. Despite the
differences in the operationalization of frailty, increasing
age, female sex, lower educational attainment levels, and
adverse health outcomes including falls, disability, hospi-
talizations, and mortality have been consistently associ-
ated with frailty in older adults [4, 6, 10].

Frailty can also be conceived as a dynamic process in
which older adults transition between different states of
frailty over time [11]. By screening for modifiable risk
factors, interventions can potentially alter frailty status,
prevent adverse health outcomes, and improve quality
of life [12]. Recognizing these modifiable and even
non-modifiable risk factors among community-dwelling
frail older adults continues to remain a topic of interest
and study.

Research suggests that approximately 30% of the 65
and older patient population have health problems com-
plex enough to require care by a geriatrician [13]. How-
ever, a recent report by the Health Services Resource
Administration in the U.S. Department of Health and
Human Services projects that, based on this need, there
will be a national shortage of nearly 27,000 geriatricians
in 2025 [14]. The implication of this shortage is that
adult primary care clinicians will increasingly be called
on to manage care for older adults with complex
needs such as frailty, with fewer geriatricians available
for consultation. Effective care of this population will
require the development of geriatric health risk as-
sessment tools and care management protocols to
allow primary care clinicians to more effectively iden-
tify and intervene on social-economic and health is-
sues in ways that improve quality of life and prevent
adverse health outcomes.
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In this study, we attempt to identify potentially modifi-
able health and social-economic risks in the older adult
patient population which, if appropriately addressed,
may reduce or slow the pace of health and functional
decline and improve quality of life among those with
frailty or complex needs. This study aims to encourage
further assessments and interventions in the broader
older adult population that might help reduce the preva-
lence of frailty in the aging population.

Methods

Study cohort and data source

This cross-sectional observational study used self-reported
data for respondents aged 65—90 from the 2014/2015 cycle
of the Kaiser Permanente Northern California (KPNC)
adult Member Health Survey (MHS). The MHS is a
self-administered (mailed and online) general health
survey conducted with stratified random samples of
English-speaking KPNC members aged 20 and over,
with oversampling of adults aged > 65 [15]. The MHS
is representative of the overall KPNC health plan mem-
bership in terms of demographic characteristics and re-
flective of the insured adult population in Northern
California [15]. The survey covers sociodemographic
characteristics, social determinants of health (SDOH),
health and functional status, health-related lifestyle behav-
iors, and psychosocial risks. Figure 1 includes a diagram of
included and excluded participants. In the 2014/2015 cycle,
the response rate for ages 65-90 was 56.9% (5465/9597)
for the first two mailings which included the full-length
questionnaire. We further restricted the study sample to
respondents who were not missing data for any of the

9597 sent a
survey
4132 excluded for not
responding to the full-
_ length questionnaire

A 4

5465 respondents

914 excluded due to
missing data for >1
Frailty Index variable

A 4

4551 included in
the study

Fig. 1 Flow diagram of included and excluded participants
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items used in the FI (4551/5465), resulting in a study co-
hort that was 47.4% of the original sample of 9597 who
were sent the mailed or online survey. A comparison of
the final study sample, after weighting to the population,
found that the study cohort was very similar to the full re-
spondent sample (which included respondents who com-
pleted a shorter version of the questionnaire used in the
final third mailing) with regard to age, sex, race/ethnicity,
education, income, self-reported health, and frequency
that health problems interfered with daily activities.
KPNC’s Institutional Review Board approved the MHS
and use of MHS data for descriptive studies.

Sociodemographic characteristics

Sociodemographic factors examined in this study in-
cluded age, sex, race/ethnicity, educational attainment,
relationship status, and household income. Age was
grouped into categories: 65-69, 70-74, 75-79, 80-84,
and 85-90 vyears. Race/ethnicity was categorized as
non-Hispanic white, African-American/black, Hispanic/
Latino, Asian/Pacific Islander, and other. Educational at-
tainment level was categorized as less than high school
graduate, high school graduate or equivalent, some college
or associates degree, or college graduate. Relationship status
was categorized as married or in a committed relationship,
widowed, or single/divorced/separated. Household income
was separated into less than $25,000, $25,001-$35,000,
$35,001-$50,000, $50,001-$65,000, $65,001-$80,000, and
greater than $80,000. Approximately 8% of respondents in
the study group were missing data for income.

Frailty index components

For each respondent, we created a Frailty Index (FI)
score based on a 34-point accumulation of deficits
model [6, 7]. The deficits chosen for this study were
similar to deficits used in prior indices [6—9]. Similar to
other studies, our study is a secondary analysis of an
already existing dataset and therefore, used deficits from
our questionnaire that were similar to those used to
create prior frailty indices from the Canadian Study of
Health and Aging [6], the Yale Precipitating Events Pro-
ject [8], and the National Population Health Survey of
Canada [9]. Deficits were based on prior FI guidelines by
Searle et al. [8]: they were biologically sensible, increased
but did not become universal too early with age, and
ranged across a variety of organ systems [8, 9]. These
deficits were all based on self-reported data.

Table 1 summarizes the health and functional status
variables used to assign FI points. Eight categories drawn
from self-reported MHS survey responses were used to
create a frailty point score. These included: self-rated
overall health, extent to which physical and emotional
health interfered with activities of daily living, history of 9
selected chronic diseases ascertainable from the survey, 9
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chronic functional health conditions, mobility problems,
11 activities of daily living/instrumental activities of daily
living (ADLs/IADLSs), and underweight based on a body
mass index (BMI) of <18.5 kg/m2 calculated using
self-reported height and weight information. A max-
imum of 1 point was assigned for each health-related
deficit, for a maximum total of 34 points. The FI was
calculated by dividing the frailty point score by 34. An indi-
vidual was classified as frail if he/she had a FI score of 0.2
or above as described in a prior study by Song et al. [8].

Additional risk characteristic variables

In addition to the variables used to create the FI, we
examined several health-related behaviors, lifestyle, and
psychosocial risks, as well as factors identified by the
Institute of Medicine as SDOH [16]. The health-related
risks, all of which are potentially subject to intervention,
include number of hours of sleep per day (< 5 and >9),
number of falls in the prior 12 months (> 1 and > 2),
regular (> 2 times a week) use of a medication that can
increase risk of falling (prescription anti-depressant,
anti-anxiety, and/or pain medicine and prescription or
over-the-counter sleep medicine), individual’s perception
of his/her ability to take care of him/herself, obesity, low
exercise frequency, and no dental examination or teeth
cleaning within the past 12 months. The SDOH risk factors
which may or not be modifiable but are important to con-
sider as part of care management planning include low
educational attainment (< high school graduate or
equivalent), low household income based on regional
data (< $25,000 and < $35,000), relationship status (mar-
ried or in a committed relationship vs. single or widowed),
financial strain and markers for financial strain (worried a
great deal about financial situation in past year; reduced
use of medical care due to cost in past year; reduced use
of prescription medications due to cost in past year;
reduced fruit/vegetable consumption due to cost in past
year), frequent loneliness/social isolation, frequent depres-
sion/sadness, dissatisfaction with life, inability to use the
internet or email without help, and serving as an unpaid
caregiver to another adult who is frail or has a serious
illness or physical/mental disability.

Statistical analysis

All analyses were performed using survey data weighted
to reflect the underlying age-sex and geographic distri-
bution of adults in the KPNC membership in 2014. We
used PC-SAS version 9.3 (SAS Institute, Inc., Cary, NC)
procedures for analyzing data obtained from complex
survey designs [17]. Prevalence estimates are reported
with 95% confidence intervals (CI) or standard errors
(SE) and the chi-square test was used to examine differ-
ences by subgroup or patient characteristic. A two-tailed
p-value criterion of <0.05 was chosen as the threshold
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Table 1 List of deficits and point criteria used to calculate frailty index

Point Criteria

Maximum 34 Points

In general, would you say your health is: 1 point
= Excellent=0
= Very Good =0.25
= Good =05
= Fair=0.75
= Poor=1
How much does your physical health interfere with your work or other regular daily activities? 1 Point
= Not at all=0
= A Little Bit=0.25
= Moderately =05
= Quite a bit=1
How much does your emotional/mental health interfere with your work or other regular daily activities? 1 point
= Notatall=0
= A Little Bit=0.25
= Moderately = 0.5
= Quite a bit=1
Chronic diseases = 1 point for each 9 points
= Diabetes = Osteoporosis
= Hypertension = History of Stroke
= History of Heart disease = Parkinson’s Disease
= History of Cancer (other than just skin) = COPD/Bronchitis
= Osteoarthritis
Chronic functional health conditions = 1 point for each 9 points
= Vision problems that interfered with daily activities = Oral health problems making it difficult
(driving, reading, etc.) to eat or talk
= Hearing problems and/or deafness = Balance or walking problems
= Urinary leakage = Memory problems
= Depression/Anxiety = Insomnia
= Frequent/ongoing Pain
Mobility problems: Which of the following describes your situation? 1 point
= | usually need help from another person to move around or
| usually use a motorized wheel chair=1
= | usually use a cane, walker or poles=0.5
= | don't need help, but have some trouble getting around = 0.25
= | am not limited at all in my ability to get around =0
Help needed with ADLs or IADLs due to a disability, health problem, or frailty due to age =1 point for each 11 points
ADLs: IADLs:
= Getting in and out of bed/chairs = Shopping for groceries
= Bathing in a tub or shower * Doing laundry/household chores
= Dressing = Preparing meals
= Eating food/drinking liquids = Managing money
= Using the toilet = Managing/taking your medicines
= Using the telephone
Underweight based on Body Mass Index (BMI, kg/mz) 1 point

*BMI <185=1BMI 2185=0

for statistical significance. We did not adjust for multiple
comparisons but report the results of all statistical tests
performed.

Results

Characteristics of the weighted study cohort

There were 4551 participants included in this study. The
average age of the study sample was 73.3 years, with
37.8% aged 65-69, 24.5% aged 70-74, 17.2% aged 75—
79, 11.9% aged 80-84, and 8.6% aged 85-90. Females
made up 54.5% of the cohort sample, and 74.2% were
non-Hispanic white, 5.4% African-American/other black,

7.0% Hispanic/Latino, 11.2% Asian/Pacific Islander, and
2.2% other race/ethnicity. The cohort was fairly well-ed-
ucated, with 4.3% not having graduated from high
school, 20.4% having a high school diploma, 33.1%
having attended some college or earning an Associate’s
degree, and 42.2% having a baccalaureate or postgradu-
ate degree. In terms of relationship status, 66.3% were
married or in a committed relationship, 16.6% were
widowed, and 17.1% were single, divorced, or sepa-
rated. Approximately 26% had a household income
(HHI) of < $35,000 (including 14.8% < $25,000), 27.4%
a HHI between $35,000-$65,000, 12.3% a HHI between
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$65,000—$80,000, and 33.7% a HHI > $80,000. Nearly 45%
rated their health as excellent or very good, 39.1% as good,
13.1% as fair, and 2.5% as poor.

Prevalence of frailty by demographic characteristics

The overall prevalence of frailty (defined by FI = 0.2)
was 14.3% (CI: 13.0-15.6%), and was significantly higher
for women (16.1%, CI: 14.1-18.1%) than men (12.2%, CI:
10.6-13.8%). Figure 2 shows that while the prevalence of
frailty in the 65-69 and 70-74 age groups was not sig-
nificantly different (8.2% and 9.7%, respectively, p >.05),
frailty increased significantly for each subsequent 5-year
age category (15.1% for ages 75-79, 24.3% for ages 80—84,
and 39.2% for ages 85-90, p <.05). In addition, when
stratified by 5-year age groups, frailty prevalence did not
significantly differ by sex except for the 80—84 age group.
Table 2 shows that while frailty status did not differ
by race/ethnicity, it was significantly more common
among those with low levels of education and income
(e.g, 33.4% of non-high school graduates, p<.0001;
32.4% of those with HHI < $25,000, p <.0001). Preva-
lence of frailty was also significantly higher among
adults who were not currently married or in a com-
mitted relationship.

Frailty and functional health issues

Table 3 shows health and functional issues overall for
the senior cohort and by frailty status. As might be ex-
pected based on how the FI was created, the frail group
was significantly more likely than the non-frail group to
report fair or poor health (55.0% vs. 9.0%, p <.0001) and
poor health (14.6% vs. 0.5%, p <.0001) and to report >3
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of the chronic diseases included in the FI (55.9% vs.
10.1%, p <.0001). Two-thirds of the frail group experi-
enced frequent or ongoing pain, and 80.1% indicated
that physical health problems interfered at least moder-
ately with their daily activities. A significantly higher
proportion of the frail compared to non-frail group had
issues with sleep, including problems falling or staying
asleep and getting <5 h or>9 h of sleep per day.
Approximately half of the frail group experienced
urinary leakage more than once per week, with this
symptom being more common among women than
men (59.0% vs. 32.9%, p <.0001).

Mobility limitations and frequent problems with bal-
ance or walking were significantly more common among
the frail group compared to the non-frail group, and frail
adults were significantly more likely to have had >1 fall
(56.1% vs. 19.7%, p <.0001) and > 2 falls (33.3% vs. 7.7%,
p <.0001) in the prior 12 months. More than twice the
percentage of frail older adults compared to non-frail
older adults regularly took medications that can in-
crease the risk of falling, including anti-depressants,
anti-anxiety medications, pain medications, and prescrip-
tion or over-the-counter sleep medicine. Frail older adults
were also more likely to have vision problems that affected
their daily activities, hearing problems, and oral health
problems that affected eating or speech, and they were less
likely to be getting preventive dental care. While ex-
tremely low percentages of frail and non-frail older adults
were underweight, the prevalence of obesity was signifi-
cantly higher in the frail group (32.7% vs 22.8%, p <.001),
likely due in part to the higher prevalence of sedentary
lifestyle (exercise < once a week).

Prevalence of Frailty by age group and sex
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65-69 70-74 75-79 80-84 85-90
All 8.2% (6.6-9.9) [9.7% (7.6-11.7)|15.1% (13.3-16.9)| 24.3% (19.3-29.2)[39.2% (31.5-46.9)
Men 6.9% (4.7-9.1) [9.4% (6.6-12.2)|13.5% (11.2-15.8)| 18.8% (13.0-24.6)|35.9% (26.1-45.7)
Women [9.4% (6.9-11.8) |9.9% (7.0-12.8) |16.4% (13.8-19.0) | 28.5% (21.0-36.0)(41.4% (30.4-52.4)

Fig. 2 Prevalence of frailty by age group and sex
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Table 2 Prevalence of frailty’ among adults aged 65-90, by sociodemographic characteristics

Unwtd. N Wtd. % % Frail (95% Cl) p-value
Race/Ethnicity,% ns
White non-Hispanic 3293 723 14.2 (12.7-15.8)
African-American/Other black 262 58 16.7 (11.3-22.1)
Hispanic/Latino 362 79 174 (125-22.1)
Asian/Pacific Islander 540 119 125 (9.1-15.9)
Other 94 2.1 11.6 (5.1-18.0)
Education,% p <.0001
< High school graduate 217 4.8 334 (25.2-41.6)
High school graduate or equivalent 987 218 186 (154-21.8)
Some college or associates degree 1484 328 136 (114-15.8)
College graduate 1836 40.6 10.8 (9.0-12.6)
Relationship Status,% p <.0001
Married or in a committed relationship 3020 67.0 115 (10.1-12.9)
Single, widowed, divorced, or separated 778 173 19.7 (17.1-224)
Household income® % p <.0001
< $25,000 649 15.7 324 (275-37.3)
$25,001-$35,000 491 11.8 215 (17.0-259)
$35,001-550,000 660 159 132 (10.1-16.4)
$50,001-$65,000 511 123 11.6 (7.9-15.2)
$65,001-$80,000 521 12.6 9.2 (6.2-12.2)
> $80,000 1315 31.7 7.0 (54-87)

Estimates are based on self-reported survey data weighted to the age-sex composition of KPNC seniors in 2014
Seniors were considered frail if the average of their frailty point score was >0.2 based on dividing total frailty points by the 34 point maximum

PApproximately 8% of seniors were missing data on household income

While 44.5% of the frail group felt that they could take
care of themselves very well or completely, approxi-
mately 20.6% felt that they could not take care of them-
selves at all or not very well. In terms of the type of help
needed with activities of daily living, 21.7% needed help
with bathing, 18.5% with transferring from sitting or
prone positions, 12.7% with dressing, 6.2% with using
the toilet, and 3.2% with eating. Higher percentages
needed help with instrumental activities of daily living,
including cutting their toe nails (51%), getting to places
out of walking distance (39.9%), doing routine household
chores (40.3%), shopping for groceries (37.9%), preparing
meals (28.3%), doing laundry (28.1%), managing and tak-
ing medicines (17.3%), managing money (13.5%), and
using the phone (8.6%). Frail women were significantly
more likely than frail men to report needing help getting
to places they could not walk to (44.0% vs. 33.3%, p < .05),
with routine chores (46.9% vs. 29.9%, p <.01), and shop-
ping (43.7% vs. 28.6%, p <.01). With the exception of
being underweight, significant differences between the
frail and non-frail groups persisted after we compared
age-standardized prevalence estimates and used logistic
regression models to control for age and sex.

Frailty and social determinants of health

Table 4 shows that frail older adults were significantly
more likely than non-frail adults to have a low level of
educational attainment and low household income, and
this difference persisted after adjusting for age. When
household income was stratified by sex, frail women were
more than twice as likely as frail men to have a household
income of < $25,000 (44.0% vs. 17.4%, p <.0001). Frail
older adults were twice as likely as non-frail to worry a
great deal about their financial situation (26.9% vs. 12.6%,
p<.001). They were also more likely to say that due to
cost, in the prior 12 months they had used less medication
than prescribed (7.4% vs. 3.6%, p<.001), received less
medical care than they thought they needed (8.3% vs.
3.7%, p <.001), and eaten less fruits and vegetables than
they would have (9.5% vs. 3.2%, p < .001).

With regards to social circumstances, nearly half the
frail group (46.6%) were not married or in a committed
relationship, with more than twice as many frail women
not in a committed relationship as compared to men
(80.7% vs. 36.4%, p <.0001). About 13% of frail adults
often felt lonely or socially isolated, 9% felt depressed
much of the time, and over 20% expressed dissatisfaction
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Table 3 Health and functional status characteristics of seniors,

by frailty status
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Table 3 Health and functional status characteristics of seniors,
by frailty status (Continued)

All Frailty Status All Frailty Status
(N=4551) Frail® Non-Frail ~ p-value (N=4551) Frail® Non-Frail ~ p-value
Wtd.% (N=647) (N=3904) Frail vs. Wid.% (N=647) (N=3904) Frail vs.
Wtd. % Wtd. % Non-Frail Wid. % Wtd. % Non-Frail
Self-reported overall rating of health Uses medication 22 times/week that can increase risk of falling
Very good/excellent 453 7.2 51.7 p <.0001 Prescription anti- 7.8 20.0 58 p <.0001
Good 391 379 393 depressant
) Prescription anti-anxiety 4.8 15.1 3.1 p <.0001
Fair 13.1 404 85 medication
Poor 25 146 05 p <0001 Prescription pain 176 424 134 p <.0001
Has physical health 276 80.1 188 p <.0001 medication
ptrcl>b|etms tzat |rt1t<|3rfere Prescription or over-the-  12.1 204 10.7 p <.0001
at least modera _eyb counter sleep medicine
with daily activities
>
Has emotional/mental 11.2 383 6.7 p <.0001 21 9f a_bove types of 304 267 260 p <0001
medication
health problems that
interfere at least 22 of above types of 9.5 29.7 6.1 p <.0001
moderatgly with daily medication
activities . Needs help with ADLs and IADLs”
> ic di <
Has 23 chronic diseases 16.7 559 10.1 p <.0001 Needs help with >2 )3 158 08 p< 0001
Has headaches, migraine, 30.5 65.6 246 p <.0001 ADLs®
musculoskeletal pain, or .
' >
other frequent/ongoing Needse help with 22 6.2 384 0.8 p <.0001
- b |IADLS
pain
Often feels depressed 103 292 84 p <.0001 Weight risk
or is being treated for Underweight 20 25 19 p<.05
depressionID (BMI < 18.5)°
Has problems falling or 12.7 364 88 p <.0001 Obese (BMI > 30) 243 327 2238 p <.0001
staying asleep® )
Low exercise frequency 122 30.2 93 p <.0001
Usually gets >9 h of 7.0 14.7 57 p <.0001 (< Once a week or never)
sleep per day
No dental exam or teeth 194 316 175 p <.0001
Usually gets <5 h of 5.7 108 49 p <.0001 cleaning in past 12 months
sleep per day )
Perception of how well can take care of self
Has oral health problems 76 25.1 4.7 p <.0001
that affect eating or speech? Very well/completely 85.8 445 926 p <.0001
able
Has vision problems that 9.9 274 7.0 p <.0001 )
affect daily activities® Fairly well 1.0 349 70
Has hearing problemb 244 508 199 p <.0001 Né)lt very well/not at all 32 206 04 p< 0001
able
E i ine leak: 194 48. 14. 0001
>><F;irclté?vcvisetglne cakage ? 89 > p<.000 Estimates are based on self-reported survey data weighted to the age-sex
- composition of KPNC members in 2014
Has frequent problems 120 54.2 49 p <.0001 2Seniors were considered frail if the average of their frailty point score was
with balance or walking > 0.2 based on dividing total frailty points by the 34 point maximum
Ly PCharacteristic used as part of the Fl calculation
Has mobility limitations Chronic diseases included: diabetes, hypertension, history of heart disease,
None 786 246 876 p < 0001 history .o.f strok?, hist'ory. of cancer (other than just skin canggr), COPD/chronic
bronchitis, Parkinson’s disease, osteoporosis, and osteoarthritis
Some difficulty moving 104 246 80 9ADLs include: bathing, dressing, eating, getting in and out of bed or chairs,
around using the toilet
€IADLs include: preparing meals, doing laundry/chores, shopping, managing
Uses a cane or poles 85 350 40 money, taking medication, using the phone
when moving around
Uses a motorized device 2.5 15.7 04 p<0001  with their life. Over half (51.6%) did not use internet or
or needs help from a email on their own. About 92% of frail older adults indi-
person to get around cated they had at least one person they could call on for
Had 21 fall in prior 247 56.1 197 p<.0001 " help or to arrange for help if needed, but who they would
12 months . . c .
rely on differed by sex. Men were more likely to indicate
22 falls in prior 113 333 7.7 p <.0001

12 months

that they would count on their spouse for help (79.5% vs.
34.6%, p<.0001), while women were more likely to
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Table 4 Social determinants of health by frailty status
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All Frailty Status
(N=4551) Frail® Non-Frail p-value
Witd.% (N=647) (N=3904) Frail vs. Non-Frail
Wtd. % Wtd. %
Low educational attainment
< High school graduate 247 366 228 p <.0001
< High school graduate 43 10.0 33 p <.0001
Household income/financial strain
<$35,000 in past yearb 266 514 225 p <.0001
<$25,000 in past yearb 14.8 336 1.7 p <.0001
Worries a great deal about financial situation 14.6 269 126 p <.0001
During the past 12 months, due to cost:
Used less medication than prescribed 4.2 74 36 p <.0001
Got less medical care than thought needed 44 83 37 p <.0001
Ate less fruits and vegetables than would have 4.1 9.5 32 p <.0001
Social circumstances
Not married or in a committed relationship 337 46.6 31.5 p <.0001
Has someone can call for help or to arrange for help if needed 94.6 93.1 949 ns
Often feels lonely or socially isolated 40 13.1 25 p <.0001
Feels depressed or sad much for most of the time 32 9.1 23 p <.0001
Feels dissatisfied with life 6.9 224 43 p <.0001
Serves as unpaid caregiver to a relative or friend with a serious 255 19.8 264 p<.01
illness or physical/mental disability
Does not use the internet or email at all or needs someone to help 248 516 223 p <.0001

or use the internet/email for them

Estimates are based on self-reported survey data weighted to the age-sex composition of KPNC members in 2014
Seniors were considered frail if the average of their frailty point score was >0.2 based on dividing total frailty points by the 34-point maximum

PBased on the 92% of respondents for whom income data were available

indicate that they would count on a relative (69.6% vs.
29.9%, p <.0001), with approximately equal percentages
indicating a friend or other non-relative (11.7% of women
and 6.6% of men, p <.06). Despite being frail themselves,
nearly 20% of frail adults provided unpaid caregiver sup-
port to an adult who was frail or had a serious illness or
disability, with women more likely to have this role than
men (22.7% vs. 15.3%, p <.05). These significant differ-
ences persisted even after adjusting for age.

Potential single-item screener for frailty

We examined the performance of the single question,
“Considering all things, how well can you take care of
yourself at this time,” a survey response not used in the
FI, as a predictor of frailty in our study cohort. Using
unweighted data, we found that 132/148 (89.2%, CIL:
84.2-94.2%) of those who reported that they could not
take care of themselves at all or not very well, 207/495
(41.8%, CIL: 37.5-46.2%) of those who said they could
take care of themselves “fairly well”, and 302/3573 (7.8%,
CI: 7.0-8.6%) of those who said that could take care of
themselves “very well” or “completely able” were

classified as frail. Use of the combined response categor-
ies “Not at all/not very well” vs. > Very well to predict
frailty had a sensitivity of 20.6% (CI: 17.6—24.0%), speci-
ficity of 99.6% (CL: 99.3-99.8%), positive predictive
value of 89.2% (CI: 82.8-93.4%), and negative predictive
value of 88.4% (87.3—-89.2%). Using the response cat-
egory “Fairly well” vs. = Very well to predict frailty had a
sensitivity of 40.7% (CL: 36.4-45.1%), specificity of 92.5%
(CL: 91.7-93.3%), positive predictive value of 41.8% (CL
37.5-46.3%), and negative predictive value of 92.2% (91.3—
93.0%).

Discussion

In this large cross-sectional study of community-dwelling
adults ages 65 to 90 years who were members of a Northern
California health plan with an integrated healthcare delivery
system model, we examined the prevalence of frailty and
identified potentially modifiable and non-modifiable health
risks and social-economic determinants of health that
healthcare providers can utilize to intervene and re-
quest additional geriatrician support. Using a deficits accu-
mulation model created in line with previous guidelines,
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we found an overall prevalence of frailty of 14.3% with
frailty increasing for both men and women starting in the
75-79 year-old group and trending toward greater preva-
lence among women as compared with men at higher ages.
Consistent with prior studies, frailty was also more com-
mon among older adults with low levels of education and
income [4, 7-9]. In our study cohort, the prevalence of
frailty did not differ by race/ethnicity.

The prevalence of frailty described by prior studies
varied widely, ranging from 5 to 58% in one review art-
icle [18] to 4% to 59.1% in another review article [10].
This wide range highlights the lack of consensus on how
to define and operationalize frailty. The prevalence of
frailty calculated in this study population was lower than
the 22.7% calculated in a previous study that also used a
deficits accumulation model [9]. Factors that may have
contributed to the lower prevalence in our study in-
cluded exclusion of participants over 90 years of age and
the fact that our findings were based on self-reported
data obtained from a survey of community-dwelling
older adults, thus excluding adults with dementia or in
skilled nursing facilities who are more likely to be frail
[19]. Additionally, care management programs for pa-
tients with diabetes mellitus, congestive heart failure and
asthma, as well as cardiovascular risk-reduction pro-
grams using cardioprotective medications, may have
resulted in an overall improved health status of KPNC
senior members [20]. The significant increase in preva-
lence of frailty starting at age 75 reflects findings from
other studies demonstrating that the burden of frailty is
more prominent among the older aging population [21].
Prior studies have shown that older adults are not a
homogenous group [22, 23], with the frail group contrib-
uting to higher medical costs even after controlling for
comorbidities [24]. This highlights the need to create
patient-centered screening and interventions for frail
adults and older adults at elevated risk of becoming frail.

With the shortage of geriatricians, care management,
including screening and interventions, for frail older
adults will increasingly become the responsibility of
adult primary care physicians (PCPs). Although there is
no gold standard for frailty measurement in the primary
care setting, prior studies have shown screening tools
useful to direct appropriate interventions [25, 26]. As
PCPs already screen for a multitude of chronic condi-
tions within a limited amount of time [27], efforts
should be utilized to improve screening tools with an
additional focus on training ancillary and administrative
staff members to use these tools to target the appropri-
ate older adult populations. A single screening question
would help alleviate some of these constraints. Our find-
ings support the need for future studies to determine
whether a patient’s perception of how well they can take
care of themselves identifies older adults with very low,
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moderate, or very high likelihood of being frail. The lat-
ter two groups, which in our study comprised about half
the cohort, could then be further assessed for specific
frailty characteristics and risks. Most health-related risks
found in this study have potential interventions. About
two-thirds of our frail group had frequent or ongoing
pain, which likely interfered with their daily activities
and participation in exercise. Prior studies have shown
physical training, including resistance training, may pro-
vide some benefit in preventing frailty, but that exercise
alone may not improve functioning [28, 29]. A multidis-
ciplinary approach including behavioral changes, nutri-
tional interventions, and cognition exercises coupled
with exercise could be the interventions needed to prevent
further development of frailty [29]. Over a third of our
frail individuals had problems with insomnia (falling or
staying asleep), about 11% are “short sleepers” (<5 h/day),
and about 15% are “long sleepers” (>9 h/day). Prior
studies have shown associations with worsening sleep
quality and increasing frailty [30], with the primary
causes being treatable conditions such as insomnia
and sleep apnea [31, 32]. Insomnia and “short sleep”
have also been shown to increase risk of falls among
community-dwelling older adults [33-35], and “short
sleep” with an increased risk of cognitive impairment
[36]. As expected, our frail group had a higher prevalence
of falls compared to the non-frail group, but also a higher
prevalence of use of medications that increase the risk of
falling. Frail patients who are chronically using these types
of medications or having problems for which these medi-
cations might be prescribed could potentially be tried on
non-pharmacological approaches to managing insomnia,
pain, depression, and anxiety, such as cognitive behavioral
therapy, mindfulness meditation, yoga or gentle move-
ment therapies, and exercise.

Dentition and other oral health problems should be a
priority for frail older adults because these can lead to
poor oral intake and involuntary weight loss [37], as well
as systemic inflammation from gum disease that can in-
crease risk of cardiovascular disease [38]. We found that
over 30% of frail adults in our cohort had not had a den-
tal check-up in the past 12 months, suggesting that oral
health problems are likely to go undetected unless an
examination of the mouth, teeth, and gums becomes
part of the annual primary care physical examination for
people who do not report having seen a dentist within
the prior year.

Counterintuitive to the thought that frailty is a wasting
disorder [4] but consistent with prior studies [39], we
found a higher prevalence of obesity among the frail
group, which could be explained by the obese population
having limited mobility (or conversely that limited mo-
bility lead to an obese state), requiring more assistance
with ADLs/IADLs and having more chronic conditions
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[40], all factors included in our FI. Many frail individuals
were also found to require more assistance with ADLs/
IADLs including household chores, grocery shopping,
preparing meals, and doing their laundry, which may
highlight the need for continual guidance in regard to
community resources and commercial programs that
provide these services rather than depending on family
and friends alone.

The social determinants of health analyzed in this
study may or may not be modifiable among the frail
population but are important to take into account in
care planning. In line with prior studies [4, 6, 8, 9], the
prevalence of frailty was highest among lower education
levels, which likely represents a lower health literacy that
would contribute to the poor lifestyle choices seen in frailty
[41]. Financial strain and lower income level can impact
seeking of needed medical and dental care, adherence to
medical and medication regimens, and engagement in
healthy self-care practices such as eating >5 servings of
fruits and vegetables per day. Community services, such as
home meal delivery programs to address the need for
healthier diets, are available in certain areas, though the
limitations of cost, availability of the programs, and sparse
availability of research regarding outcomes with these pro-
grams still remain a concern [42]. Prior studies have also
shown that hearing problems and frailty are associated
with social isolation and depression [43]. As such, PCPs
will increasingly need to involve instrumental social sup-
port systems of the patients including unpaid caregivers,
social workers, or patient navigators to help provide neces-
sary resources for the patients and families. Interestingly,
nearly three-fourths of male seniors who are frail would
depend on their spouses for help if they got sick or
injured or needed special care. Assuming that the
spouses are of similar age, that puts a great caregiving
burden on female spouses who may also be dealing
with limitations of their own.

This study has some limitations, including the
cross-sectional study design and exclusion of non-English
speaking members (the MHS questionnaire is only avail-
able in English), those living in nursing care or other
institutional facilities, and those with cognitive deficits or
severe dementia. Other studies have shown that ethnic
minorities including Hispanic populations, and individuals
in residential settings have a higher prevalence of frailty
[22, 44]. Furthermore, this study was unable to validate
the frailty index using participants' health records, but did
follow the guidelines suggested by Searle et al. [8] for es-
tablishing a frailty index and chose deficits based on prior
validated frailty indices including the Canadian Study of
Health and Aging 70-item Frailty Index [6] and the Frailty
Indices used by Searle et al. [8] and Song et al. [9]. There
is also possible incorporation bias for the single-item
screening question given that mobility is a component
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of the frailty index; however, future studies can com-
pare this single question to other frailty indices for
further examination. One of the strengths of this
study is the large number of culturally diverse partici-
pants, which provides a more stable estimate of the
prevalence and characterization of the frail subgroup.
The frail cohort found in this study had similar
demographic characteristics to all survey respondents
aged 65-90 in regarding to mean age, sex, relation-
ship status, level of education, income status, number
of chronic medical conditions, self-perception of phys-
ical health, and history of falls in the past 12 months.
Importantly, this study characterizes modifiable and
non-modifiable risk factors in a contemporary and
community-dwelling population of older adults, where
those at highest risk for adverse health outcomes and
subsequent utilization of healthcare resources can be
further identified in clinical practice.

Conclusions

The frail older adult population is heterogeneous and thus
frail patients and those at risk for becoming frail require a
patient-centered assessment of their circumstances by pri-
mary care providers to try to improve their quality of life,
avoid adverse health events such as falls, and slow physical
and mental decline. The same set of characteristics identi-
fied in this study can proactively be used to assess all older
adults to improve primary prevention of frailty and patient
health and quality of life.

Abbreviations

ADL: Activities of Daily Living; BMI: Body Mass Index; Fl: Frailty Index;
IADL: Instrumental Activities of Daily Living; KPNC: Kaiser Permanente
Northern California; MHS: Member Health Survey; PCPs: Primary Care
Physicians; SDOH: Social Determinants of Health; Wtd.: Weighted

Acknowledgements

The authors of this study would like to thank all the participants of the study
for taking their time to complete the survey information. We would also like
to acknowledge Dr. Carole Gardner and Dr. Tracy Lippard for their thoughts

and perspectives about this project.

Funding

The Member Health Survey is funded by the Kaiser Permanente Northern
California Community Benefit Program. The funder had no role in the study
design, data collection, data analysis, interpretation of data, presentation of
results, or decision to submit for publication.

Availability of data and materials

The data that support the findings of this study are not publically available,
but summary data can be made available upon reasonable request. Persons
interested in obtaining additional statistics related to the topic of this article
or in exploring the possibility of working directly with KPNC Member Health
Survey data can contact Dr. Nancy P. Gordon, Survey Director, at
nancy.gordon@kp.org.

Authors’ contributions

DL, ES, JL, and NG conceived and designed the study; NG acquired the data
and conducted the data analyses; all authors contributed to the analysis and
interpretation of data; DL, JL, and NG drafted the article; MP, ES, and MW
revised the manuscript and provided critical insight; all authors approved the
final version for publication.



Lee et al. BMC Family Practice (2018) 19:170

Ethics approval and consent to participate

The Kaiser Permanente Northern California (KPNC) Institutional Review Board
(IRB) approved use of KPNC Member Health Survey data to conduct this
study. The IRB waived requirement for written consent to participate in the
Member Health Survey, allowing instead use of a letter included with the
survey questionnaire that covered all of the required elements for informed
consent. Informed consent was implied by the submission of a completed
survey questionnaire.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Department of Medicine, Kaiser Permanente Oakland Medical Center, 3600
Broadway, Oakland, CA 94611, USA. Graduate Medical Education, Kaiser
Permanente Oakland Medical Center, 3600 Broadway, Oakland, CA 94611,
USA. Division of Research, Kaiser Permanente Northern California, 2000
Broadway, Oakland, CA 94612, USA.

Received: 8 October 2017 Accepted: 24 September 2018
Published online: 19 October 2018

References

1. Ortman JM, Velkoff VA, Hogan H. An Aging Nation: The Older Population in
the United States, U.S. Census Bureau, Economics and Statistics
Administration, US Department of Commerce; 2015.

2. "NHE-Fact-Sheet” CMS.gov Centers for Medicare & Medicaid Services, 14 June
2017. www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-
reports/nationalhealthexpenddata/nhe-fact-sheethtml. Accessed 4 Oct 2018.

3. Drubbel |, Numans ME, Kranenburg G, Bleijenberg N, de Wit NJ,
Schuurmans MJ. Screening for frailty in primary care: a systematic review of
the psychometric properties of the frailty index in community-dwelling
older people. BMC Geriatr. 2014;14(1):27.

4. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med
Sci. 2001;56(3):M146-57.

5. Chen X, Mao G, Leng SX. Frailty syndrome: an overview. Clin Interv Aging.
2014,9:433.

6. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell |,
et al. A global clinical measure of fitness and frailty in elderly people. CMAJ.
2005;173(5):489-95.

7. Rockwood K, Mitnitski A. Frailty in relation to the accumulation of deficits.

J Gerontol A Biol Sci Med Sci. 2007,62(7):722-7.

8. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard
procedure for creating a frailty index. BMC Geriatr. 2008;8(1):24.

9. Song X, Mitnitski A, Rockwood K. Prevalence and 10-year outcomes of frailty
in older adults in relation to deficit accumulation. J Am Geriatr Soc. 2010;
58(4):681-7.

10.  Collard RM, Boter H, Schoevers RA, Voshaar RC. Prevalence of frailty in
community-dwelling older persons: a systematic review. J Am Geriatr Soc.
2012,60(8):1487-92.

11, Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty states
among community-living older persons. Arch Intern Med. 2006;166(4):418-23.

12. Ko FC. The clinical care of frail, older adults. Clin Geriatr Med. 2011;27(1):89-100.

13. Warshaw GA, Bragg EJ, Fried LP, Hall WJ. Which patients benefit the most
from a geriatrician's care? Consensus among directors of geriatrics
academic programs. J Am Geriatr Soc. 2008;56(10):1796-801.

14.  US. Department of Health and Human Services, Health Resources and Services
Administration, National Center for Health Workforce Analysis. National and
regional projections of supply and demand for geriatricians: 2013-2025.
Maryland: Rockville; 2017. https//bhw.hrsa.gov/sites/default/files/bhw/health-
workforce-analysis/research/projections/GeriatricsReport51817.pdf. Accessed 4
Oct 2018.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 11 of 12

Gordon N, Lin T. The Kaiser Permanente northern California adult member
health survey. Perm J. 2016;20(4):34.

Adler NE, Stead WW. Patients in context—EHR capture of social and
behavioral determinants of health. N Engl J Med. 2015;372(8):698-701.

SAS Institute, Inc. SAS/STAT 9.3 User's guide. Cary: SAS Institute Inc; 2011.
Sternberg SA, Schwartz AW, Karunananthan S, Bergman H, Mark Clarfield A.
The identification of frailty: a systematic literature review. J Am Geriatr Soc.
2011;59(11):2129-38.

Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci. 2004;59(3):M255-63.

Xue QL. The frailty syndrome: definition and natural history. Clin Geriatr
Med. 2011;27(1):1-5.

Yeh Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Population
trends in the incidence and outcomes of acute myocardial infarction. N
Engl J Med. 2010;362(23):2155-65.

Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan R, et al.
Frailty in older adults: a nationally representative profile in the United States.
J Gerontol A Biol Sci Med Sci. 2015;70(11):1427-34.

Lee DR, Kawas CH, Gibbs L, Corrada MM. Prevalence of frailty and factors
associated with frailty in individuals aged 90 and older: the 90+ study. J Am
Geriatr Soc. 2016;64(11):2257-62.

Bock JO, Kénig HH, Brenner H, Haefeli WE, Quinzler R, Matschinger H, Saum
KU, Schottker B, Heider D. Associations of frailty with health care costs—
results of the ESTHER cohort study. BMC Health Serv Res. 2016;16(1):128.
Pialoux T, Goyard J, Lesourd B. Screening tools for frailty in primary health
care: a systematic review. Geriatr Gerontol Int. 2012;12(2):189-97.
Monteserin R, Brotons C, Moral |, Altimir S, San José A, Santaeugenia S,
Sellarés J, Padros J. Effectiveness of a geriatric intervention in primary care:
a randomized clinical trial. Fam Pract. 2010;27(3):239-45.

Tai-Seale M, McGuire TG, Zhang W. Time allocation in primary care office
visits. Health Serv Res. 2007;42(5):1871-94.

Frost R, Belk C, Jovicic A, Ricciardi F, Kharicha K, Gardner B, et al. Health
promotion interventions for community-dwelling older people with mild or
pre-frailty: a systematic review and meta-analysis. BMC Geriatr. 2017;17(1):157.
Puts MT, Toubasi S, Andrew MK, Ashe MC, Ploeg J, Atkinson E, et al.
Interventions to prevent or reduce the level of frailty in community-
dwelling older adults: a scoping review of the literature and international
policies. Age Ageing. 2017;46(3):383-92.

Ensrud KE, Blackwell TL, Redline S, Ancoli-Israel S, Paudel ML, Cawthon PM,
et al. Osteoporotic fractures in men study group. Sleep disturbances and
frailty status in older community-dwelling men. J Am Geriatr Soc. 2009;
57(11):2085-93.

Neubauer DN. Sleep problems in the elderly. Am Fam Physician. 1999,59(9):
2551-8.

Shochat T, Loredo J, Ancoli-Israel S. Sleep disorders in the elderly. Curr Treat
Options Neurol. 2001;3(1):19-36.

Brassington GS, King AC, Bliwise DL. Sleep problems as a risk factor for falls
in a sample of community-dwelling adults aged 64-99 years. J Am Geriatr
Soc. 2000;48(10):1234-40.

Mahgoub N, Majdak P, Friedman DB, Klimstra S. Insomnia and risk of falling
in older adults. J Neuropsychiatry Clin Neurosci. 2012;24(3):E5-6.

Stone KL, Blackwell TL, Ancoli-Israel S, Cauley JA, Redline S, Marshall LM,
et al. Osteoporotic fractures in men study group. Sleep disturbances
and risk of falls in older community-dwelling men: the outcomes of
sleep disorders in older men (MrOS sleep) study. J Am Geriatr Soc.
2014;62(2):299-305.

Lo JC, Groeger JA, Cheng GH, Dijk DJ, Chee MW. Self-reported sleep
duration and cognitive performance in older adults: a systematic review
and meta-analysis. Sleep Med. 2016;17:87-98.

Niesten D, van Mourik K, van der Sanden W. The impact of frailty on oral
care behavior of older people: a qualitative study. BMC Oral Health 2013;
13(1)61.

Genco R, Offenbacher S, Beck J. Periodontal disease and cardiovascular
disease: epidemiology and possible mechanisms. J Am Dent Assoc. 2002;
133:145-22S.

Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The association
between obesity and the frailty syndrome in older women: the Women's
health and aging studies. J Am Geriatr Soc. 2005;53(6):927-34.

Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease
burden associated with overweight and obesity. JAMA. 1999;282(16):1523-9.


http://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
http://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nhe-fact-sheet.html
https://bhw.hrsa.gov/sites/default/files/bhw/health-workforce-analysis/research/projections/GeriatricsReport51817.pdf
https://bhw.hrsa.gov/sites/default/files/bhw/health-workforce-analysis/research/projections/GeriatricsReport51817.pdf

Lee et al. BMC Family Practice

41.

42.

43.

44,

(2018) 19:170

Sudore RL, Mehta KM, Simonsick EM, Harris TB, Newman AB, Satterfield S,
et al. Limited literacy in older people and disparities in health and
healthcare access. J Am Geriatr Soc. 2006;54(5):770-6.

Campbell AD, Godfryd A, Buys DR, Locher JL. Does participation in home-
delivered meals programs improve outcomes for older adults? Results of a
systematic review. J Nutr Gerontol Geriatr. 2015;34(2):124-67.

Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a
systematic review. Clin Interv Aging. 2015;10:1947.

Espinoza SE, Hazuda HP. Frailty in older Mexican-American and
European-American adults: is there an ethnic disparity? J Am Geriatr
Soc. 2008;56(9):1744-9.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study cohort and data source
	Sociodemographic characteristics
	Frailty index components
	Additional risk characteristic variables
	Statistical analysis

	Results
	Characteristics of the weighted study cohort
	Prevalence of frailty by demographic characteristics
	Frailty and functional health issues
	Frailty and social determinants of health
	Potential single-item screener for frailty

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

